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1. INTRODUCTION 
~ h i k  report describes a t e s t  program conducted a t  the Highway I 
Safety Research Ins t i tu te  of the University of Michigan using f i  1 led leather i 
punching bag and anthropomorphic dummy t e s t  subjects as impactors on panels I 
of various glazing materials. The objective was comparison of the 
results  using the two types of impactors. 
For the punching bag impactor, instrumentation consisted of an 
accelerometer attached to  i t s  surface. High speed motion pictures were 
taken t o  record the impact in two orthogonal directions. Force vs. 1 
penetration curves were derived from these data allowing a rough calcul a- 
tion of impact energy. S i x  impacts were conducted a t  the 400 f t .  lb. 
energy level using annealed glass, tempered glass,  and acrylic sheets. 
Four t e s t s  were conducted using an anthropomorphic t e s t  device. 
I t  was positioned to  represent a person running ( 2  t e s t s ) ,  erect  posture 
and side impact. Instrumentation consisted of t r i ax ia l  accelerometer 
packs in the head, thorax, and pelvis region supplemented by femur 
axial load cel ls .  Orthogonal h i g h  speed motion pictures were taken. 
Part 2 of the report describes the t e s t  program. Parts 3 and 4 
present results and 1 i s t  conclusions and a recommendation. 
2. 'TEST PROGRAM 
2,1 Selection of Drop Test 
The Proposed Safety Standard u t i l i zes  a pendulum activated by 
gravity impacting an upright panel in which glazing material i s  mounted. 
This procedure was modified fo r  t h i s  project t o  a configuration involving 
a horizontally mounted glazed panel onto which the impactor was dropped. 
I There were three reasons for  t h i s .  The f i r s t ,  and most important 
I reason was the di f f icul ty  of accurate positioning of the dummy prior 
I t o  the t e s t  in order that  the desired impact scenario could develop. 
I By suspending the dummy over the panel and then dropping i t ,  a  specified 
1 
re la t ive  position could be maintained between the dummy and the glazing 
material. The height of the drop then controlled the overall energy del ive 
t o  the panel. Using th i s  technique i t  was re la t ively  easy t o  control the 
I part  of the dummy (knee, h a n d ,  head, s ide)  making the i n i t i a l  contact with 
the glazed panel. Equally sa t is factory  a n d  reproducible resul ts  were 
I also possible using the f i l l e d  leather punching bag. The second reason was pr icr  experience with dummy drop t e s t s .  A previous project 
I a t  HSRI involved human injury in f ree  f a l l s .  Dummies were dropped from various heights and in various postures onto hard surfaces during t h a t  
I 
work successfully demonstrating the experimental procedure. The th i rd  
reason was material containment. By dropping the impactor toward a hori- 
zontal panel , the resul t ing broken fragments natural ly tended t o  be 
I propelled downward into a large box. 
2.2 Fixture fo r  Holding ,Panels of Glazing Materials 
I The f ix ture  for  holding the panels was a horizontal real izat ion 
of the frame specified in the Proposed Safety Standard. The panel was 
located in a r igid framework approximately 3 f t .  above the f loor  of 
the laboratory. Plywood sides were mounted t o  the framework t o  form 
a box into which fragments of glazing materials could drop. This a l -  
lowed n ~ i  n rriur~i turn-around time bctrvecn tcs t s  . 
A shim, 3/16 inch thick,  was .used to provide the required conlpression 
i n  the neoprene s t r i p s .  I t  was found by d i rec t  measurement that  coni- 
pression of the neoprene was the required amount a t  the bo l t s ,  b u t  
red 
was minimal between them. This s l i gh t  bowing of the t e s t  frame between 
bolt holes was measured by determining the distance from the t e s t  frame 
t o  the surface of the glass using a depth gauge. The fac t  that  the 
bowing was in the frame was quali tat ively established by laying a s t ra igh t  
edge on the four members of the frame. The significance of th i s  obser- 
vation on t e s t  resul ts  using the standardized frame should be established. 
2.3 Impactor Posi tioninq 
Both the anthropomorphic dummy and the f i l l e d  leather punching 
bag were suspended over the panel of glazing material using ropes. 
Vertical position i s  adjustable within 1/4 inch by means of a hydraulic 
l i f t .  Horizontal positioning i s  accomplished by moving the l i f t  to  
the desired point a f t e r  vert ical  positioning i s  completed. For a l l  
ten t e s t s  the impactor was centered over the panel of glazing materi a1 . 
Release was automatically in i t i a ted  by using an e lec t r i ca l  ly-triggered 
rope-cutting device. Figure 1 i s  a photograph' of the apparatus jus t  
prior  to  a t e s t .  
2.4 Instrumentation I 
Instrumentation for  the punching bag drop t e s t s  consisted of an 
accelerometer (Endevco 2264) taped firmly to  the top surface opposite 
the point of impact. This was supplemented by high speed motion pic- 
tures a t  the rate of approximately 1000 frames per second. The cameras 
were located di rect ly  to  the side of and above the impact event. 
For the anthropomorphic dummy t e s t s ,  a standard instrumentation 
package used in automotive tes t ing was used. This consisted of t r i ax ia l  
accelerometer units i n  the head, thorax, and pelvis. I n  each u n i t  
the accelerometers were directed toward the front  of the body (P-A or 
posterior-anterior) ,  t o  the side ( L - R  or  l e f t - r i gh t )  , and from head t o  1 
toe (S- I or  superior-inferior)  . Setra capacitive accelerometers were 
used. Additional data was obtained from strain-gauge load ce l l s  mounted 
axially in the femur structure of the legs. 
All data was recorded, unfi 1 tered,  on a Honeywell 7600 Series 
tape recorder. A time channel was also recorded giving 1 nii 11 isccond 
intervals .  This signal was also superimposed on the high speed movies 
allowing an accurate determination of the frame ra te  of the camera. 

3. TEST RESULTS 
The accelerometer and mot ion  p i c t u r e  da ta  f rom the  s i x  drop 
t e s t s  us i ng  the  f i l l e d  l e a t h e r  punching bag were combined t o  produce 
fo rce-pene t ra t ion  curves f o r  t h e  impacts.  The accelerometer da ta  
were p layed o u t  f rom the  tape recorder  onto a  Brush reco rde r  and a're 
shown i n  F igure 2. The i n i t i a l  l a r g e  pu lse  represen ts  t he  con tac t  
between t he  bag and t h e  panel .  Any a d d i t i o n a l  pu lses represen t  t he  bag 
h i t t i n g  t he  f l o o r  o f  t he  l a b o r a t o r y .  The f o r c e  o f  impact was computed 
by mu1 t i p l y i n g  t h e  wei gh t  o f  t h e  bag (100 1  bs )  by t h e  G- leve l  . Pene- 
t r a t i o n  o f  t he  bag i n t o  t h e  panel o f  g l a z i n g  m a t e r i a l  was determined 
by f i l m  ana l ys i s  o f  t h e  movie d u r i n g  impact.  Movement o f  t h e  bag 
was manual ly measured d i r e c t l y  from i n d i v i d u a l  frames o f  t he  movie 
us i ng  a  Vanguard F i l m  Analyzer.  Because t i m i n g  markers were on t he  
movies, i t  was p o s s i b l e  t o  c o n s t r u c t  a  d isp lacement- t ime curve. 
F igures 3-8 show the  reduced da ta  f rom the  f i r s t  s i x  t e s t s .  
Each f i g u r e  shows t he  f o r c e  vs. t ime  and d e f l e c t i o n  vs. t ime  curves 
determined d i r e c t l y  from t h e  t e s t  data.  These a re  supplemented by t he  
f o r ce  vs. d e f l e c t i o n  curves. It was p o s s i b l e  t o  compute t h e  area under 
t h e  f o r c e  d e f l e c t i o n  curves i n  o rde r  t o  make a  very rough es t imate  o f  
t h e  energy t r ansm i t t ed  f rom t h e  impactor  t o  t he  panel o f  g l a z i n g  
ma te r i  a1 d u r i n g  impact.  
An o v e r a l l  summary o f  t h e  numerical  r e s u l t s  a re  g iven  i n  Table 
1 .  F a i l u r e  modes a re  shown i n  F igures 13-15. The punching bags were 
e s s e n t i a l l y  r e s t r a i n e d  by t he  a c r y l i c  panels a l though  they d i d  pa r -  
t i a l l y  pop from the  frame. The annealed g lass  panels bo th  sha t t e red  
i n t o  t he  usual  sharp p ieces.  The energy absorbed i n  the  two t e s t s  
was markedly d i f f e r e n t .  Many more smal l  g lass  fragments were found a f -  
t e r  Test  No. 2 than a f t e r  Test No. 5 r e f l e c t i n g  the  increased energy 
t ransmiss ion  be fo re  f a i  1 u re .  The tempered g lass  panel showed 
breakage i n  the  f i r s t  t e s t  (No. 3 ) .  However, energy abso rp t i on  
was a l r l~os t  coniplctc. The impactor. bouncl:d d u r i n q  Ihc f i  r-s t con- 
t a c t  i n  Test No. 6. This i s  r e f l e c t e d  i n  t h e  d e f l e c t i o n - t i m e  curve 
g iven  i n  F igure  8. However, t he  bag tu rned  ove r  and, as i t  came down 
again, broke t he  panel d u r i n g  a  con tac t  w i t h  t he  padded acceleronleter 

mount. It i s  unknown whether t h e  breakage was caused by  t h e  second 
, o f f - c e n t e r  h i t ,  t h e  s m a l l e r  r a d i u s  con tac t ,  o r  some re i n fo r cemen t  o f  
s t r e s s  waves n o t  y e t  damped o u t  f rom t h e  f i r s t  h i g h e r  energy impact .  
The cha rac te r  o f  t h e  m a t e r i a l s  r e s u l t e d  i n  d i f f e r e n t  t e s t  r e -  
s u l t s  f o r  the  t h r e e  m a t e r i a l s .  The b e s t  "cush ion"  was o f f e r e d  by t h e  
a c r y l i c .  Lace ra t i on  p o t e n t i a l  was a l s o  m in ima l .  Tempered g l ass  
y i e l d e d  h i g h e r  f o r c e s  spread o u t  ove r  a  s i g n i f i c a n t  p e r i o d  o f  t ime  
(20-40 m i l l i s e c o n d s ) .  The p o s s i b i l i t y  f o r  s u p e r f i c i a l  l a c e r a t i o n  was 
p resen t .  Annealed g l ass  behav io r  was t y p i f i e d  by development o f  a 
ve r y  h i g h  f o r c e  i n  a  ve ry  s h o r t  p e r i o d  be fo re  f a i l u r e  ( <  10 m i l l i s e c o n d s )  
and t h e  presence o f  ve ry  dangerous sp ikes  of g lass .  
Transducer d a t a  f rom t h e  f o u r  an th ropomet r i c  dummy drop t e s t s  a re  
g i ven  i n  F igures 9-12. I n  a l l  cases, 3/16 i n c h  annealed g l ass  sheets 
were used. The f o u r  impact  scenar ios  were: 
Tes t  No. 7. Prone Dummy 
Tes t  No. 8. Side-Facing Dummy 
Tes t  No. 9. "Jogging" Dummy 
Tes t  No. 10. Dummy w i t h  A r m  and Knee Extended. 
F igures 16 andl7  a r e  photographs o f  t h e  dummies a f t e r  two o f  t h e  t e s t s .  
I n  a l l  cases, t h e  dummy was dropped f rom approx imate ly  29.1 i n .  y i e l d i n g  
a t o t a l  k i n e t i c  energy o f  400 ft. l b .  i f  t h e  t ho rax  were t h e  f i r s t  p a r t  
o f  t h e  body t o  c o n t a c t  t he  panel .  
The prone dummy was p o s i t i o n e d  f a c i n g  and p a r a l l e l  t o  t h e  pane l .  
I n i t i a l  con tac ts  were w i t h  t h e  head and t h e  toe .  Both rebounded 
and t h e  f o l l o w i n g  thorax-abdomen c o n t a c t  s h a t t e r e d  t h e  g l ass .  F i gu re  9  shows 
h i g h  head and t h o r a c i c  G- leve ls  i n  t h e  P-A d i r e c t i o n  as expected. The 
l a r g e r  G- leve ls  i n  t h e  p e l v i c  and t h o r a c i c  r eg ions  occur  l a t e r  i n  t ime  than 
the head load ings  i n d i c a t i n g  t h e  two-s tep scena r i o  o f  t h e  impac t  d e l i v e r y .  
The s i d e - f a c i n g  dunimy appeared t o  c o n t a c t  t h e  g l ass  s imu l taneous ly  
f rom shoulder  t o  f o o t  and n ia in ta ined  t h i s  pos tu re  th roughou t  t h e  i n i t i a t i o n  
o f  f a i l u r e .  G- leve ls  recorded i n  t h e  dun1111y (See F iqu re  10)  a re  qcner(11 l y  
q u i t e  low. 
The " j ogg ing "  dummy was p o s i t i o n e d  w i t h  t h e  r i g h t  l e g  extended 
about 30' and t h e  l e f t  elbow s i m i l a r l y  p o s i t i o n e d  t o  t h e  f r o n t .  
The arm and knee were t h e  f i r s t  body p a r t s  t o  c o n t a c t  t h e  g lass .  The 
r i g h t  knee f r a c t u r e d  t h e  g lass  w i t h o u t  a f f e c t i n g  dummy p o s i t i o n  s i g n i f i c a n t l y  
d u r i n g  t h e  event. G- leve ls  were again  q u i t e  low d u r i n g  t h e  event.  The 
blow which f r a c t u r e d  t h e  g lass  was r e f l e c t e d  as a  160 1b. l o a d  a long  
t h e  a x i s  o f  t h e  r i g h t  femur. 
I I n  t h e  f i n a l  t e s t ,  t h e  dummy was p o s i t i o n e d  t o  " s t r a i gh t -a rm"  t h e  
g lass  panel w i t h  h i s  l e f t  arm. The r i g h t  l e g  was a l s o  p o s i t i o n e d  w i t h  
I t h e  femur normal t o  t h e  panel .  The c o n t a c t  scenar io  was much more com- 
p l ex .  The l e f t  hand contacted f i r s t  f o l l o w e d  s h o r t l y  by t h e  r i g h t  t oe  
I then  knee. The hand t r a n s m i t t e d  a  l o a d  th rough  t h e  a m  t o  t he  shoul -  der s t r u c t u r e  caus ing t he  dummy t o  r o t a t e  w i t h  h i s  head aimed toward 
I 
t h e  g lass .  Dur ing t h i s  t ime  t he  r i g h t  knee was s l i d i n g  t o  t h e  s i d e  
and t h e  l e g  was s t r a i g h t e n i n g  ou t .  A t  about t h e  same t ime,  t h e  head, 
, l e f t  knee, and r i g h t  shoulder  con tac ted  t h e  g lass.  It i s  n o t  c l e a r  
I f rom the  movies which o f  these impacts caused t he  f a i l u r e  which f o l -  
lowed. A s u b s t a n t i a l  e a r l y  femur l o a d  was recorded which d i d  n o t  cause 
I t h e  f a i l u r e .  G-loadings were g e n e r a l l y  h i g h e r  i n  t h i s  t e s t  than t he  
p rev ious  ones. 
4. CONCLUSIONS AND RECOMMENDATIONS 
Several conclusions have been reached based on the resu l t s  of 
t h i s  work. These are:  
1. The drop t e s t  and instrumentation adopted fo r  t h i s  program 
of fe r  a means fo r  comparative tes t ing of panels of glazing materials 
using di f ferent  impactors. 
2. Annealed glass ,  tempered glass ,  and ac ry l i c  show markedly 
d i f fe ren t  behavior when tested under s imi lar  conditions of impact. 
3.  The impact scenarios are markedly d i f fe ren t  for  punching bag 
and dummy impacts. . 
4 .  Dummy impact scenarios depend strongly on body posture and 
body region of i n i t i a l  impact. 
5. Dummy G-levels measured during the drop t e s t s  are  well within 
standard tolerance values used in automotive safety studies and compare 
in magnitude with values measured on the punching bag. 
6. Current generation anthropomorphi c t e s t  durnmi es cannot be 
used to  predict lacerat ion in ju r ies  b u t  may be useful in establishing 
impact scenarios qua1 i t a t ive ly .  
Two recommendations are also submitted. These a re :  
1. The significance of the observation of apparent non-uniform 
clamping of the panels of glazinq materials should be established.  
2. Human body impact energy depends on the e f fec t ive  mass of the 
body part  and i t s  velocity a t  the time of impact. The scenario of the 
impact depends on the human energy del i vered, the geometric confi gura- 
tion of the subject with respect to  the product using glazing mater ia ls ,  
and the strength of the product. . To determine the val id i ty  of the t e s t  
procedures used in the current project ,  i t  i s  recommended that  correla-  
tion with tllc r e a l  w o r l d  o f  i i ~ i p n c t s  which  b r p f i k  q lass  br! c ~ t : a t ~ l i ~ h c d  
beyond a reasonable doubt. 
7 m 3  -- TMPERED CLASS 
100 m c c .  9 
piguro 2 ,  A c c t l r r o m f t e r  D s t r  from 
Punchl~~p, Bag Drop Tcvt r  
spunod - a a ~ . o j  

spunod - a a ~ o j  
a 0 w- m CU r 




V) .- - - I 
a;, - Q) 
E Y- .- a;, 
t- * a 
spunod - a ~ o j  
. . 
CU r 
spunod - a 3 J O j  
HEM, P-A ACCELEROMETER 
HEAD I-S ACCELEROMETER 
tlEAD R-L ACCELEROKETER 
THORAX P-A ACCELEROKETER 
MORAX I-S ACCELEROMETER 
THORAX R- L ACCELEROMETER 
. . . . . . . . .  . . . . . . . .  
. .......................... : i ............ I... : ; ............ 
. !  : . . 
.. - . .- ... - .. - .-.-. .- . - . . . . . . . - . .  -.. ........ r . -- -.-- 1-. i.. . .  
, , :  I , ' ,  . . .  , 2. --.,..; .- .! . 4 -., C ^ - . . , - - L  -,+.... i..-+-t ---.- L i ' ! i i , i i , /  .- 
f lgure Pa. Accelerometer Data.  Test Ilo. 76G007. Prone To t  Dunmy 
PELVIS P-A ACCEUROHETER 
PELVIS I-S ACCELEROKETER 
ELVIS R-L A C C E L E R O m E R  
rigure 9b. Acceleronleter d a t a .  Trst No. 766007. Prone Test  Dunmy 
HEAD P-A ACCEUROHETER 
HEM) I-S ACCELEROMETER 
HEAD R-L ACCELEROKETER 
THORAX P-A ACCELEROKETER 
THORAX I-S ACCELEROMETER 
TBORAX R-L ACCELEROMETER 
figure 10a. Acceleronrtcr Data ,  lest No. 76COOR. Sfdc-fdcfng Test Dvmny 
, 
P E L V I S  9 - A  ACCELEROHETER 
P E L V I S  I - S  ACCELEROHETER 
P E L V I S  R-L A C C E L E R W T E R  
R I G H T ,  FLKUR WAD 










I . - - i 











I Figure l ob .  Accclcrometcr h t a .  Test No. 76MOfl. S ide- fac ing  h m n y  
I I -. - .. ...-. 1 " 1 .-,-" - *. - ------ 
;Z 
I - C 
I , .  
* ..., ""n* C .~*...4 
HEAD P-A ACCELEROmER 
READ I-S ACCELEROEaTER 
BEAD 8-L A C C E L E R M E R  
THORAX P-A ACCELEROMETER 
THORAX I-S ACCELEROHETER 
THORAX R-L ACCELEROHETER 
Ffgure l l a .  Accelerometct- D a t a .  Tcrt No. 766009. "Jogging" Tcrt hmny 
P E L V I S  P- A ACCELEROHETER 
P E L V I S  1 - S  A C C E L E R O m E R  
P E L V I S  R - L  ACCELEROIGTER 
. . . . . . . . . . . . .  I , . : . .  . I . I I  ' ! -7.' ' , I '1 ': ' . 
Figure l l b .  A c c c l c r m t e r  ndta .  Test No. 766009. "Jogglnq* Test Dunmy 
HE@ P-A ACCELEROMTER 
H W  I-S ACCELEROHETER 
HEM) R - L  ACCELEROKETER 
THORAX P - A  ACCELEROMETER 
THORAX I-S ACCELEROMETER 
TllORhX R - L  ACCELEROMETER 
TEST 76G010 
Flgurc. 12a. Accclcronrter Data.  Test No. 76G010. Test bmny with Arnm and Knee Extcndcd 
PEI.VIS P - A  ACCELEROHETER 
P E L V I S  I - S  ACCELEROMETER 
P E L V I S  R - L  ACCELERONETER 
- -- - . -- 
RIGHT FEMUR WAD 
LEFT FEHUR LOAD 
Figure 12b. Acceleromcter h t a ,  Test  No. 76t010. Test Dutwny w i t h  Arm and Knrc Extcndcd 
I 
-- . 
, I  . 1 
LLi.2. C 
Figure 13. A c r y l i c  P l a s t i c  Panel a f t e r  Punching Bag Drop Test 
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Figure 14. Annealed Glass Panel  a f t e r  Punching Bag Drop T e s t  
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F i g u r e  15. Tempered Glass Panel A f t e r  Punching Bag Drop l e s t  
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F igure  16. Dul~mmy ~ o s i ' t i o n  A f t e r  T e s t  No. 76G007 
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